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[oooi] ^(D&mnmftm^ZLXf^&wmjjmzM-tZa 

[0002] (Al Ga ) In PUM> (fcfc*U O^x^l, O^y^l ;J^T, AlGalnP^BB. £><5 

x 1— x y 1— y 

GaInP?£t£jf^ ^ttlX^h^yV^y^^k^ ^MAlGalnP^yKJf irpMAl 
<■ • GalnP^^KJlt^j;^^^K^^^^^^W^^D^3t^ffl-rS'i:t- 

[0003] AJR«ffi©ffiar«r*S'<</J^<bfc«5ds, ®^tf>Jlffi^/&£*L5ft 

ftmzit?>mm>mn£tix\, ^ c^W2ooi - 6873i-§-^$&) „ v ^-r^®^. 
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■So 

[0004] t^x\ ±t^(o&mmmm^m^mt:m^tcm^tm^m^-r?>m^. tm 

^y-7\^m-tz>j5 : fe^m£foz> 0 ^(D?'^i/i/?'mzte\,^xmm^ttez>m* 

m tmwj -f^mzKvm s^fc*, y^^^k ny^-^m 
^^i^^^-r^ttm^thx^^ • 
[0005] l^usa^ m%mntmmmm^m^mt^[:^ms.mm^tcib, 

[0006] ^mm<Dmmn, mwmm^mfcm&^-tztth^ ^(Dmrnm^^wL^m 

[0007] ±|SOHJS^?^:-r5fc:a6^. 

[0008] *^P^cD^7tm^^Mit*-^«> 



w 

■4. 

3 

tiG&mmmttVMtmW^ K-/^«I^5X lO'Vcm^i^X 10Vcm 3 

[0009] ^^^m^%^m^^^^x.mmmm^mi^m(Dm^ioiimi^±^mM 
ua^wi, mytmn^b(D^yt^mmmm^mi^m^^xm.'om-ri^ 

[ooio] ^mm^h^mvtct^ ±M(Dx.otmmwm^mw-m^mm-t^m^. %% 
mmmm^mfcm * ^ K-^HMass x io 1 Vcm 3 g±2 x io'VWj^t 

( 

<£>±|3gfi200 p. m (0 £L< telOO /x m) £-T6r^M3:U/ \, 

[ooii] ±.^(Dx.ofm%m^mm.-r^m^. mmwm^mwmm%m^t^n 
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[0012] t-*5v N-cte, mwmm^mfcm ^ v-^o-bmm^s x 10 1 6 /cm 3 w±2 

[0013] S^i¥M¥*#:il/5^^0r:t<, GaP, GaAsPS.t^AlGaAs(DV^-f thfaiLXM 

mm^xh^,^m^m^m^mmx^?> 0 
toon] mmmm^mwm(DY~-\i°^ummm^ v~^hm^m<^u^ti^^ 



5. 



2x lo'Vcm^Tf-lS^^^C £<9iI;£lX«:l x 10 1 Vcm 3 ^ -hi x 10 18 
[0015] _hfS^PJco^^;*^^i3V^^, 3§ftJilH3<D— ^-<D^®£g?-^goi:b 

miMK<D^m-fz>^kx\ ^ytm^±fc<vmm : kii& / p& j &z>~ktf~c%z> 0 r^j^ 
. m^mitmm^±k^(D^~^mm^M^mm^\^<Dmmf)mm^ti, r> 

sEiBH~"5o 

[0016] mytmn^m-^mmm^^mmmm^mi^m^mn^mm-i, **<otm 
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mk$}&*£.vmmt3&(Dt-tz>^b-h-x%z> 0 

&i&m<Dwm%:$kt^x^^bn.Z)^thx%, s^roti^tyris^a^© 
^^h^xto<^tx\ mffi,umi&&£<omMteh(Dkirz>-kftx$z> 0 
[0017] mz. mwmm¥mfcmz%?fcmi®(Dm-^mm®\K®mu mmwmm^m 
&m<Dm— ^mm^±ytm^iHL-^t^x, ^<d— n^wbrnx^^^^m^ 
mnmz%m-tz>~khx$;z> 0 z.(D^^-t^>t. mwmm^mfcmi^v^ytm 
^mm(Dmm,unm9j}^±m^ib^t^x^^ 0 ^<d^. ^m^m 
-^mMmz&mzL&m&%m-tz>z.ktfx$z 0 ^%m^h(D^%%m:^m 
fcMmiz^x±tfcmmisffiim^M£itz>^kx\ ^^ttiug&^u^^ 

fcmtt, mc<m-±mmmKm-mmmm^mi^m^th^tim-f^kh^m 
x$>Zo ^(D^yiL-tzk. ^mm^'Dmmmm^mi^m^^wnhti^k^ 
•9, mm>h<Dftmm^mmkmffifcn®mkfr£bi-fa±u m^w^nnm. 

[ooi8] mytmm*. MGainP^^^y'^^^m^^-r^tDki^xm^x^^ 

AlGalnPtt, GaAsW^^mm±^^^>^^^^ (Al Ga ) In ' 

x 1— x y 1— y 

pco^x^i, cxy^D^B^m^kxm, agustitx, y(Dmm-x^xn^m 
tsthte\,^iim7cm&£.'rz>^kh&z>t)\ *wmwxit, z.^t^m-B-hm^xfM 

GalnPj^fEft-r^^-f-M^oT, Al, GaRmn^OCDIIlMTKm&^X^ 
•r&^k*. &1*VhM^^^£-tfhZ>)o AlGaInP?g H B B ik^tt, -hfE^altt; 
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, ^Jx.f4*520nmJ[^±670nmJWTW^ia-C\ i^^)t§^$rlt^boo^3fe^^ 
^B^P^-rSri^-etSo rcO^, GaPfcSWiGaAsPKL'^R^.y^Jt 

[0019] mwmm^fcmi-i. %%mmm^iy^tzAii-vmi^m^mm^^ 
m& ^mmt-r^t &°sm x&z> 0 m x_ was** ^^AiGainP m-raijsfci-a*^ 

, GaP, GaAsPX«AlGaAs/5^^5m^H H sS^^3tJl^^fife^-*, 10 

[0020] S^J?M¥##:ii{i. ^^JS^^Mb/N^K^K^tg^^^i^^t^ 

^^/^^L^OibT«^i-5ri^-e#5 0 ^^K^Kmti^& (Hydride 
Vapor Phase Epitaxial Growth Method: JUT\ HVPE&tl^) ft, |£:SU±<7){g^Ga 

(^yr>A)^^ 7 K*<^(D^^J:'9^bU^i-^^GaCl^temu %%G*ctemtk 

mM^^ y ijt^m'Q^ 0 mz-tz. AiGainP^b&s^Ji^tt, ^m&mn 

tBf&M& (Metal Organic Vapor Phase Epitaxy igf, MOVPE?fe£t>V ^) t-J;^ 

m(D&-g:\a^ mm<D^xmhM^mxh^ a -thi-Mi^x, hvpe&^/i j&g 

5££«:0!lx.ff #*)9 )U m/B#tMOVPE^<D2{^^±^S.t>\ HVPE&^iS^S 

mxzz>m\ ^mtemm&m : £&mis?j:\s^<DX\ j^MnrnzMovpEmxyhnz 

[0021] [nii]iEii«, *mw<D^ftm^(D-m*mmm^x^m3m a 
[E!2]ig]2« v mi<Dmitm^-<Dm&T.m&^-tmwm 0 




[m3]m3te, m2\z.m<^Mm 0 

cms] m 5 \t s m w mm^m&m <o mm^m jiy^—^m (D^^y^^iz^^ 

o 
o 

[0022] £at\ *^&mmirztc.&(Dm&mmzm^<Dmm&^M^xmmi-z> 0 

[0023] 3£ytmU24l-t, />-K— 7°(A1 Ga ) In P(fcfcU O^x^O. 55, 0. 45^y 

x 1— x y 1— y 

^0. 55)^ B /^b&3«teJi5£r, pSKAlGa ) In P(fc7cLx<z=Sl)^ib& 

z 1— z y 1— y 

■5pM^yKJi6<bnM(AlGa ) In P(fcfcbx<z;g l)/$^ft5nM^;/KJS4 

z 1 — z y 1— y 

tK£vmA,tmm%:#i-z> 0 mi<D^ytm^iooxfe, m—±m^mm^±iM) 

^nMAlGalnP^^KJf 4^@£g£;ft/T:}o<^ 3?-±M<fUJ ((HffiTiliJ) J-pMAlG 
aInP^7^Kjl6^Ifitt$tLTV^S 0 &*5, ^-CV^IVvK— 7°J^tt, l"K— ^Vb© 
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—'Oh&ftott (Mz-t£i x io 13 ~ i x 10 1 6 /cm 3 tg^ ±mt-tz>) &t>$m 

-fZ>b<DX'l-±te\* \ ^W*3tJiffi24H:MOVPEife^J:»Jfifeft$tLfctO-T?Jfe5 0 
[0024] nS!*95'KJl4&tfp?g*7yKJi6©*£tt. WX-tf-tiT^tLO. 8 m m^±4 /t m 
J^T(SI£lXf±0. 8 m m^±2 /z m^T) T'fe^ ffittl5(^)JI^Ufatf 0. 4^m 
/z mJWT (M£L<«:0. 4 /z mJ£A_hl m m^T) X&Z> a 3§3fcggG24^f£<7)J? 
0!l;tfc£2 mJ^JhlO m rngT (M3cL< Ji2 m m^±5 /i mJ^T) T*fc5 0 

[0025] 3Sp^j¥H^#^ji90(± > m^^^tmn24<D^wmm<o^m^±-rtth^, 

K=¥^y7°^^V^r— Sr^Ti-Sm-VSe-f^^^^^ Attftjl-fciGaP, GaAsPX 

tiAiGaAsizxm&t&H&zb'z* &mwmm*mftm9ox'<Dft&m>#>m&frx 

• aAsP*SHVPEfeT?OKafifc4#fciSU-CV^) , -^Hiljtte, MOVPE&^«t5p 
M*7yKJg60H»£GS# % 15X10 1 Vcm 3 ^)i%/h$<IS^-e#2> o 

^flg^v^TfSKTO^^JigottpM-cfcO, rro±n^BUiStLa353fcSlfP24 
W:pS!3SWffJR4 i 9lfr»90iHl36»fepSi^7jxKJl6, ?SttJl5, n§^;yKJf 4£>JP|T- 

» s £*ltv^ 0 l^u mwmm^mfcmso&nMkvx, mytmu24<Dmmim 

&±m<D&imkL,X-k£\< \ 
[0026] #*5, GaP(GaAsPXf±AlGaAsT*t>J:^)M*^^^PJJ¥^^#:ji90^|g 
3t®gP24t©ra^W:^ GaP (GaAsP3Z.ttAlGaAs^J:V^)Jid^^6^^Jl92^ 

* &ftmu24\z.m<texMovpEmz£V)i&i££tixt!:Zo ft*5 x WMm92i±, ai 

GaInPtf»£>#3S§ftJSgR24i:, GaP (GaAsPXfiAlGaAs^J;^) Jf ^b&5iS^ 
ffflt¥3H*:Ji90tO|H|-C, »^S»[|S(t>V^-Ctt»ftlt)S:illf2feag'fk$*aAlGaI 
nPjf tLTkcfcVN, 

[0027] tfc^ 3g3feSgP24tf>S&— ^Mlfcltt:, AlGaAsXHAlGaInP^I^^5«^i£ 
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s 0 o£9 x mnmi&nmwt. mitmu24<Dm~±mmiM^^^X3Eytmm\^ 

^ffiMco^Kttfeto/i^fcfcoTV^p 3fcflMtiJLafl!l&JR«K9teH:, «ffiI7 
. 5jumW_b30MniJ!^T(M*L<filMm£i_bl5iimj^T)T?fc5o &*3» «*K*£tS[ 

[0028] aMfflK¥#ffJi90©ie-±*Bpo^ffi3JSAu»Bi«St36»fc*s*B»Ki5fc-T: 

WriTttVXD, AnBe^m^£^m^^<mi5c^h'ym^Wc^^iVX 
V^o 8^£-&ffcJil5ctt, ^p^™^^S90^^t:^^ft:jii^^ 

[0029] ±IB*-7-©«ritT?«:, ±5tSil9mb®{|iJtc:ia^ti^.ffi»fcJ191©/?^^jt 

*^t^Jl9lcD(#^^yT^^5)KwN^h^^3SP^™^#^ji90(DK 
—^>'hai««tl3fcift«)T*3<ri:(mtf2X 10 18 /cm 3 JJl±5X 10 x Vcm 8 £*T) 



c 
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[0030] «u ^MJWBI^*flcJi90ttff*AS+5>fc^#V^«>, K—'OHMSr-fcih/K 

WJM^#frJi90©^#©K— 5Xio 16 /cm 3 ^±2xio 18 /cm 3 

[0031] i^T> igiojSit^lOOWftaS^ife^ov^lft^i-So 

*i\ 020>Xglfc**-t\fc3fc:, j&ft^S&iLTn^GaAsi^JIS^l&ffl 

M-tZa XS2^i~J:5»Cl % -?r^Stgl<D— nlGaAs/^>7 

tM2^M^-£0. 5vm, ^b^nMAlGaAs«i5ft*£Mji91^Jx^5Mm^T3it 0 

[0032] 3S#Jg$P24£L/T, (Al Ga ) In Pi9<e5. If^lMmOni^ 

x 1— x y 1— y 

4£<0#K— >*l*Htttt, fll&tfl X 10 17 /cm 3 ^±2 X 10 18 /cm 3 aTt'fe5 o $ 
t>K. HI3©Xg3^-r«t5^, pS^9jxKJi6JifcSBBMi92Sr3itr^dF-*>'^fiJ5* 

[0033] XfE#iiC0^t o ^^^/^Sf±, ^OMOVPEiSfe^i^fT^^tLSc Al, Ga, 

•AlMtfx ; HJ^/UTVi^^ (TMA1) N MJ^^/UT/^^^^ (TEA1) sfciT ; 
■GaSWf^ ; W^^tf!) (TMGa) , hy^^/^U^A (TEGa) 
• In^* ; h^^Wy^A (TMIn) , hy^fVWVv^ (TEIn) ; 
•PMy^hy^vMJWTMPh hy^L^/^yXTEP), ^7^>"(PH 

3 

[0034] 03OX@4^ii*, pMGaP(GaAsPT?tJ;^)«t«5^:S31WfflS[ i l t 3lfr®90Sr, 
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TK(l)5£<Z>SJ&»-«fc9GaCl££fifc£ii:, **rVTlf*XfoZ>H. tfxkkt>lz&tiL± 

2 

Ga(^)+HCl(^) -» GaCl(^)+l/2H 2 - •••(!) 

3 2 

^VhT?*5Znf±, DMZn (^f ^Zn) ©Iff |^t?)o GaClttPH £<Z>KJ&t£ 

3 

GaCl(^Cft:)+PH (^#0 

3 

-*GaP(@ft) + HCl(&flO +H («Cflc) ■ ■ • • (2) 

2 

[0035] — ^\ GaAsP (GaAs P :0. 5^a^0. 9)^m^M^\^ SulS (2)^*5 

1 — a a 

V^T, PH kkh^AsH. &ttm£tl. f&&m.mfr770~830'Ck J $> J $>ig.tb\zm7££ 

3 3 

*l3o lot, ^Mff«l^3»frJi90SrHVPEifelz:J:»)fifc*-f SKfc, Jt©K-/^ 
^^Ji^24aiJ{-^^t£ifcb^t9,fc6^fi^^®^24KwNVh^a7T^ 

o 

[0036] £WWB^*<Wl90©Ji!»36S**TUfck, @4©Ig5tI^, GaAsMU (R 

ny<^7 7 m2)^Tiy^r/mmt7^mm^W£k*<D^y^^mt:m^x{t^ 
&n5z.kK£*>s&&&&ikm9si, i5ck-rz> 0 ^x, z.tit>m&'9r&4km9a, 15 

[0037] ifBtf^v^^i;^ 05©icT^-ri5t-. jS03J¥BS¥3*#Jl9O<£>ffi!l®lfR 
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[0038] mwmm^mfcmsoi^ m^^MT.^^-^m90d^^y^^i-x^^ 

ffi^fb^ft^ffib^pi^v— i/mwdK^totstf btiz><DX\ mew&^XTjk-r 
<t?^ mm^-r^m^-^m^M^muuK 20 u mitu^co/h^ftiiiji:^ w< 

m^m^xhmt/u^mt)h^\ 

[0039] — ^tmtH^(DWif ir^*PX^V-v<ji90d75^ 
*£*bg><D-T:\ OT^fb^Ifr^b^lil^U ^ffH^M90(DflIJ¥^ii 

§|J5^*^#9^^S^^Pte^ 

fee 

[0040] r*u±, (2]5<D^T^-rJ:9{-, Apx^-^Sgod^-h^-^-e^/^^^, a 
^UhiPX^V-^Jlgod' «J&9fflb£££tf 5jg*. 3MJ¥M^Nf M90<DJi 

^^!i^bTv>5)fc^^#^^tL5 0 b£>u mmmm^mi^m90(Db'-—y<^bm^ 
i^*t^s 0 mwmm¥mftm9o<Dmm&m nouztzo. mm^h(D 

o'Vcm^^^J^bTl/^Sj^^^^CD^^^^J^^r^Xb, i<9^3 
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[0041] ut. *&m<D&ytm*<o. m^com&m^^^xmmir&mi^ytM^io 
o m7\^7jk-rxo^ mwmm^wfcmson, Gap^cv ^LGaAsP^$p ^a^ists 

90'<bb-rSiJ^#U »3tJiW24^»UTft!;0'&fc«J:5l-L.Tt>J:v> o 383tJi 

^24^AlGaInP^ibft5*§'3\ g£^ftJ1^24<7)I£^:fr-&®i&lJK:GaP (GaPXtt 
GaAsPT^J;l/^)^^^^SS^90'^afe^-fr-CJIiiU^^^T*100 

[0042] IH8tf>3§ftfif^200<75 t };5K:. a3BJWSI¥»#»90&3&3teJii»24©S&— 

5rti«-C#S 0 #«ff^<^8ft*^200K:fc^-Cf±, 3§3feS£fl24<75jg-^® 
{RlJ{c: N pMGaP(GaAsP3lttAlGaAsTt ) J;V^j&^^^— i@^J?^#^J!90 
^SHVPEfe^T3it 0 ^^r^^*^^TV>S(^-^92fi, Hl^^-^92i:^l«(D 

*NSWl90£<£>|fflK:«:, AuBe^^fflV^^^>fbS9a^iag$iX-CV^ 0 * 
fc» mytmU24(Dm~±mmma^ nMGaP(GaAsPXteAiGaAs^<k^)/^ 

^M90^^-S^J¥II^M20f4, vvf*Lt>, hw^HMtfsxio 1 

Vcm 3 ^±2X10 1 Vcm 3 aT^PS^tL,'fIIJ®^90S ) 20S^tb^tL, ^> 
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[0043] mQo&yt^zootis m8(Dm?itm^2ooiz.&\,^x$gytm&24<Dm—±M& 
mKm~mmmm^m^m2o^m^^^^^Au^^^Ag(t^^n 
b*3E.f&ftti-z&&) frbtt&mELtfim io^ia«bfd^^T'fc5o m^m^i 

vmm^m^mm^^mytm^m^ir^ ^mmmmx^ mytm^24<Dm~ 
/&uewc£>, m&&mmi5dnsimfc7(Dm~±mm±mz. : &f&£tLX\,^ 0 * 

[0044] |2l8^.t^Ill9(D^^;*^200 ) 300^*5V^Ttt, V^r^, ^.it^^X^M^M 

Mim&m^fr^^mm-t^thx^ 

[0045] Hll, fglSS-OTQCOlg^^^lOO, 200, 300{ClioV^T, *®«Hl5ttAg 

[0046] ±tmmmmxi^ ^-r^ihmmmm^m^m9o(2o)(D±^, k-^° 

^hS^^ 5 X 10 1 Vcm 3 i^±2X lO'Vcm^Ti-W^tLfcK-t^'^J^ffl 

^lt^j&uc wc^, mwmm^mvfm 90 (20 o-^oj?^^ (mslo* 
Mffimmi5k(DmftmttZ£<9Tifz>~ki>>x$z> 0 
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tezmziopL msxjKDMwmm^mtemkttu 

m&m ^ ^ v—^hmmfrs x 10 1 Vcm 3 j^_h2 x 10 1 3 /cm 3 &,T^mmfr 
tcv-^^mmmmno n m&.±cDm.^x^m^rixf£^t^mt-r^m^t 

[2] mtmmmm¥mfcm<Dm£&4o M mu±x^, mmwmm^mfcm ^<Dm 
mttmtK m^m-^mmm^m-mmmm^mi^m^^nm^fhxtj: 
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mmwmm^mfcm * ^ K-^Nfcjsass x 10 1 Vcm 3 £*±2 x 10 1 Van 

3 ^T^J^$tbfcK-fc o V^iJ^^10 m mSi±Off*H:r^fiJcU UMBOS' 
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n m m 



1/9 



9a 




n— AlGalnP 



i-AlGalnP 



p— AlGalnP 



p— GaP 



-^91 

92 
90 

^90S 



15c 



2/9 



cm 2] 



c 




4> 



MP1 



MP 2 



6- 
5~ 



p— AlGalnP 



i-AlGalnP 



n— AlGalnP 




}-24 (MOVPE) 



-91(MOVPE) 



3/9 



X^3 




92 (MOVPE) 



X3S4 



-90 



MHVPE) 



6- 
5- 
4- 



-92 



>>24 

—91 

^2 



4/9 



-90 



-92 
—91 




--1 



> > > 




9a | 9a 

> 


9a 


9a 




















15c | 15c 
A i A 


15c 
A 


15c 

A 





-91 



-92 



-90 



15 



5/9 



[1215] 

90d 




pW^h 2X10 18 /cm 3 ^T K-^yf 2 X 10 18 /cm 3 ^ 

90d 90d' 




6/9 



[06] 



S. 




7/9 



[07] 



6- 



91 



>24 



J 



92 



8/9 



-17 

9a 



p— GaP 



p— AlGalnP 



i— AlGalnP 



n— AlGalnP 



n-GaP 



15c 



•90 

^^90S 
^92. 

-^20p 

—20 
~20S 

—15 



9/9 



[09] 



6- 
5- 

4- 
32 




-17 

9a 



p— GaP 



p— AlGalnP 



i-AlGalnP 



n— AlGalnP 




Si 



-90 



-90S 



92 



00 



^24 



-10 




15d 



